Attempts have been made to predict the secretion of gastric acid after surgical vagotomy with a drainage procedure, by blocking the vagus nerves with atropine and hexamethonium or with propantheline in preoperative tests (McArthur, Tankel, and Kay, 1960; Gillespie and Kay, 1961; Checketts, Gillespie, and Kay 1966) . These workers carried out two tests on their subjects before operation: the first was an augmented histamine test (Kay, 1953); in the second hexamethonium bromide 50 mg. and atropine 0.325 mg., or propantheline 30 mg., were given before the injection of histamine. If this drug-induced or " medical " vagal blockade in the second test brought about a large decrease in the response to histamine a similar large reduction in secretion was to be expected after surgical section of the vagi. On the other hand, in some patients the response to histamine was reduced by only a small amount (<35 %) after medical vagotomy, and some of these subjects also had a small reduction in secretion after surgical vagotomy. It was suggested that a minority of patients with duodenal ulcer had "antral dominance " over the production of gastric acid, the vagi playing a lesser part; that it might be possible to pick them out before operation by the " medical vagotomy " test; and that they would be better treated by vagotomy and antrectomy than by vagotomy and drainage alone.
Attempts have been made to predict the secretion of gastric acid after surgical vagotomy with a drainage procedure, by blocking the vagus nerves with atropine and hexamethonium or with propantheline in preoperative tests (McArthur, Tankel, and Kay, 1960; Gillespie and Kay, 1961; Checketts, Gillespie, and Kay 1966) . These workers carried out two tests on their subjects before operation: the first was an augmented histamine test (Kay, 1953) ; in the second hexamethonium bromide 50 mg. and atropine 0.325 mg., or propantheline 30 mg., were given before the injection of histamine. If this drug-induced or " medical " vagal blockade in the second test brought about a large decrease in the response to histamine a similar large reduction in secretion was to be expected after surgical section of the vagi. On the other hand, in some patients the response to histamine was reduced by only a small amount (<35 %) after medical vagotomy, and some of these subjects also had a small reduction in secretion after surgical vagotomy. It was suggested that a minority of patients with duodenal ulcer had "antral dominance " over the production of gastric acid, the vagi playing a lesser part; that it might be possible to pick them out before operation by the " medical vagotomy " test; and that they would be better treated by vagotomy and antrectomy than by vagotomy and drainage alone.
Our study is a critical examination of the above hypothesis, designed to answer the following questions: (1) Do the drugs block the vagi completely, as complete surgical vagotomy does ? Does the "medical " block withstand the challenge of insulin-induced hypoglycaemia ? (2) Does " medical " vagotomy provide a good forecast, for the individual patient, of the acid output he will have after complete surgical vagotomy ? (3) If the forecast is accurate, what is its value ?
Method
Instead of two preoperative tests, one with and one without medical vagotomy, we have used a single histamine-infusion test (Lawrie, Smith, and Forrest, 1964) , injecting atropine and hexamethonium when maximal levels of secretion have been attained after 90 to 105 minutes. The subjects were male patients with duodenal or gastric ulceration, hiatus hernia, dyspepsia without any abnormality on barium-meal examination, and normal individuals. After an overnight fast a 16 F.G. duodenal tube with a metal tip was passed transnasally into the stomach, the contents of which were aspirated by continuous suction wit'' an electric motor. The antihistamine mepyramine maleate (Anthisan) was given in a dose of 50-100 mg. intramuscularly at the start of the test. The histamine infusion was then set up, with either a paediatric drip set or a constant-infusion pump, to deliver 0.4 pg. of histamine acid phosphate per kg. per minute intravenously throughout the test. The gastric secretion was aspirated by continuous suction, and separate samples representing 15-minute periods were collected.
After 90 to 105 minutes, when a steady rate of gastric secretion had been achieved, the medical vagotomy injection was given. Atropine sulphate 1.3 mg. (1/50 gr.) and hexamethonium bromide (C6) 50 mg. were given together intramuscularly. Gastric secretion was then collected for a further two hours (in 74 tests) or four hours (28 tests). The "maximal" acid secretion was taken as the mean of the two or three 15-minute collections immediately before the injection of atropine and hexamethonium, while "acid output after medical vagotomy" was taken as the mean of the two or three lowest consecutive readings, which were usually recorded near the end of the test. The acidity of the samples was estimated by titration with N/100 NaOH, phenolphthalein being used as indicator.
Thirty-six men with duodenal ulcer underwent the above test, which lasted five to five and a half hours in 21 and three and a half hours in 15. They were then treated by vagotomy and pyloroplasty. Postoperative insulin tests (Hollander, 1948) showed the vagotomy to be complete. Seven 
Results
Tests Lasting more than Five Hours Surgical vagotomy was complete as judged by the insulin test in all 21 subjects. The acid output after medical vagotomy (M) was directly proportional to the original maximum acid output (P), the correlation being highly significant (r= 0.76, P<0.001) (Fig. 1) , and output of acid after surgical vagotomy (S) was also related in a highly significant manner to the (3) and (4) after after Fig. 1 , acid output in response to histamine infusion after complete surgical vagotomy (S) correlates significantly with the maximal response to histamine infusion before vagotomy (P).
6-31
3-6 4.9 1-2 5-7 7-5 5-3 9.9* 11-3* 2-6 1-0 1-8 7-4 6-1 4.9 6-8 4-7 12-7* 3.9 11-0* 5.9
5-2 - BRITISHpreoperative maximal acid output (r=0.81, P<0.001) (Fig. 2) . The regression of M on P is given by the equation M= 0.47P + 0.21 and that of S on P by the equation S 0.64P-2.38. There was a highly significant correlation between the acid output after medical vagotomy (M) and that after surgical vagotomy (S) (r-=0.73, P<0.001). The regression of S on M is given by the equation S =0.96M -0.18, and the mean difference between M and S was 0.44 mEq/15 min. ± S.E. 0.50. Since the preoperative response to histamine (P) gave the best correlation with the acid output (S) after vagotomy, the predicted output after vagotomy-derived from the equation S = 0.64P -2.38-was calculated and compared with the actual output after surgical vagotomy (see Table II , where a similar comparison between predicted and actual acid outputs after vagotomy has been calculated from the data of Checketts et al., 1966 56-6 4-9 2-9 69-0 7 18-5 9-5 9 9 4-0 2-9 3-7 21 6 8 20-9 11 0 11-3 2-7 10-3 9-6 7-3 9 9-3 3 6 2 6 38 4 3 8 0 5 In the f-'ur cases where th: percentage error has been excluded from calculation of the mean error, actual acid output after surgical vagotomy was very low (2 mEq/ injection caused a prompt decrease in acid secretion, which was maintained, but this decrease was not statistically significant. After incomplete vagotomy (late positive tests) medical vagotomy in six subjects produced no greater decrease in acid output than it did in the completely vagotomized subjects. 5. Prevagotomy and Postvagotomy Histamine Responses.-Mean figures for 52 histamine infusions after complete vagotomy and 100 before vagotomy (Fig. 4) show that the HISTAMINE ACID PHOS.04,uq./kq./min. I.V. response to histamine was slightly slower after vagotomy, peak secretion being attained in the sixth 15-minute period rather than in the fifth.
Discussion
This study was designed to answer three questions. 1. Do the drugs block the vagi completely ? We have found that medical vagotomy, as used at present, is an incomplete vagotomy. This statement applies both to the vagal block brought about by hexamethonium and atropine in combination and to that caused by propantheline, for in neither instance did the block prevent significant increase in gastric acid secretion in response to insulin-hypoglycaemia. There can be no doubt that the agents used were potent, because the tachycardia and dry mouth commented on by Checketts et al. (1966) A simple and accurate assessment of the effect of surgical vagotomy can be obtained by considering acid output in response to intravenous histamine, without using the results of medical vagotomy. A high degree of correlation was found between this acid output (P) and that after surgical vagotomy (S) (correlation coefficient 0.81; Fig. 2 Bruce, Card, Marks, and Sircus (1959) that partial gastrectomy plus vagotomy is needed for the hypersecretors. While 10% is a commonly quoted figure for the incidence of recurrent ulceration after vagotomy and drainage operations (Sircus and Small, 1964) , the 100 subjects providing this 10% recurrence rate are likely to include 30 whose vagotomy is incomplete as judged by the insulin test (Smithwick, 1958 ; Ross and Kay, 1964; Burge, 1964 the rate of incomplete vagotomy is much lower than the average, the incidence of recurrent ulcer is no higher than that after partial gastrectomy. Holt and Lythgoe (1961) , for example, were able to report an incidence of 1% recurrent ulceration in 100 subjects with vagotomy and gastrojejunostomy followed up for ten years, and MacKelvie (1963) had a similar incidence in a large series of vagotomies. The existence of a distinct group of patients with " antral dominance " over acid secretion has yet to be proved; if it does exist it seems to account for only a small percentage of all recurrent ulcers. The experience of recurrent ulcer in Sheffield shows that its incidence is about 2 % among those whose vagotomy has been complete, 25 % in those with a late-positive insulin test, and not less than 50 % in those whose insulin test is positive in the first hour after insulin. These results are in accord with those of Weinberg, Stempien, Movius, and Dagradi (1956) , who, in a careful follow-up, over two to six years, of 200 patients treated by vagotomy, found that recurrent ulceration was nearly always due to incomplete vagotomy, as demonstrated by the insulin test. In their paper on medical vagotomy Gillespie and Kay (1961) found that 13 out of 36 subjects (36%) seemed to have antral dominance in the preoperative test. If it were accepted that about one-third of any 100 patients with duodenal ulcer coming to operation required antrectomy in addition to vagotomy, a mortality rate of nearly 2% would be likely to follow instead of the 1 00 associated with vagotomy and a drainage procedure. This doubling of the risk seems unnecessary when complete vagotomy combined with effective gastric drainage virtually guarantees immunity from recurrent ulceration.
The distress caused to the patients should not be forgotten. The tests are not pleasant. Before operation, either two tests each lasting about three hours must be performed on separate days or a single protracted one lasting five and a half hours. Many women were very distressed, and we stopped doing routine tests on women. Morbidity was low, but hypotensive episodes still had to be guarded against when the subject stood up: faintness, vomiting, and retching occurred occasionally, and one old man developed acute retention of urine.
To pass on from discussion of the central theme, certain minor issues can be dismissed briefly.
Recovery of 92 % of the juice secreted in the preoperative tests and of 87% postoperatively is comparable with the findings of Rovelstad (1963) Benn, Daly, and Williams (1965) have suggested that the rate of increase of gastric acid secretion in response to intravenous histamine was slower after vagotomy than before vagotomy, and that this change in the character of the response might be of value in showing that the vagotomy had been complete. It was suggested that the histamine infusion test might provide an alternative to the insulin test while at the same time providing valuable information about the maximal acid output after vagotomy. We have found (Fig. 4) that the change in rate of gastric response to histamine brought about by complete vagotomy is small, and we doubt whether the configuration of the postvagotomy response would enable one to make valid deductions about the completeness or otherwise of the vagotomy.
Summary
In men with duodenal ulcer a comparison has been made between the effect of hexamethonium and atropine, and of complete surgical vagotomy and pyloroplasty, on the gastric acid response to a histamine-infusion test.
The existence of statistically significant correlation between the acid outputs after medical and surgical vagotomy was confirmed when the preoperative and postoperative groups were compared.
For the individual patient, however, preoperative medical vagotomy did not provide a good prediction of acid secretion after complete surgical vagotomy. Medical vagotomy as used at present was found to be an incomplete vagotomy as judged by the insulin test, and the degree of vagal block seemed to vary; this may explain the poor predictive value of the test for the individual. The value of any prediction, however accurate, of the acid output after vagotomy is questioned, since recurrent ulcer is usually attributable to incomplete vagotomy, not to high levels of secretion per se. The tests are tedious and unpleasant and occasionally cause faintness, vomiting, or headache. We suggest that "medical vagotomy," as used at present, is not worth using in the preoperative assessment of patients with duodenal ulcer.
